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This study examined the association between occlusion and craniofacial morphology using univariate 
and imultivariate statistical methods. Data were obtained from study casts and lateral cephalometric 
radiographs of 164 children in the early permanent dentition. The following multiple features of 
occlusion were assessed: molar relation, overjet, overbite, and anterior crowding. Angular skeletal 
measures assessed cranial base flexure, maxillary horizontal and vertical positions, mandibular 
horizontal and vertical positions, horizontal and vertical maxillary-mandibular relations, and positions 
of the incisors. The relation between the Occlusal Index, which is a malocclusion severity index, and 
skeletal morphology was also investigated. Associations were examined by use of linear correlation, 
stepwise multiple regression, and canonical correlation analyses. Individually and in combination, 
occlusal features were poorly associated with individual skeletal measures (P c 0.35). The strongest 
association occurred between a linear combination of occlusal features and a linear combination of 
skeletal measures (R* = 0.66, p = 0.0001). A malocclusion severity index did not aid in the 
identification of craniofacial morphology. The results suggested that combinations of certain occlusal 
characteristics may be associated with specific skeletal types; however, a generalized statement of 
this concept could not be supported. (AM J ORTHOD DENTOFAC ORTHOP 1989;95:297-305.) 
0 rthodontic diagnosis might be facilitated 
if the relationship between occlusion and craniofacial 
(C-F) morphology were better understood. Occlusions 
vary from optimal to severe malocclusion, with contin- 
uous variation between the two, and are an expression 
of bone growth, dental development, and neuromus- 
cular maturation. ’ 
The concept that definitive relationships exist be- 
tween occlusion and craniofacial morphology is well 
known to orthodontists. I-3 Numerous studies have ex- 
amined the relationship between a single characteristic 
of occlusion and craniofacial morphology. Morphologic 
differences have been demonstrated (1) between ante- 
rior open bite and deep bite cases,4-‘o (2) between man- 
dibular anterior crowded cases and cases with mandib- 
ular anterior spacing,“-‘3 and (3) among the three Angle 
classes of malocclusion. 14-26 
The results of these studies often are contradictory 
because of several problems inherent in examining the 
association between craniofacial morphology and oc- 
clusal relationships. Not only do most samples rarely 
include a typical assortment of occlusal variation, but 
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the Angle classification schemes alone do not best rep- 
resent that variation (for review, see Moyers and Wain- 
right, 1977). ’ In addition it has been suggested that a 
malocclusion is the sum of several individual skeletal 
deviations of which none may be remarkable in and of 
itself.27,28 Thus the relationship between occlusion and 
craniofacial morphology might be better analyzed by 
examining multiple components of both occlusion and 
skeletal morphology. Frequently applied univariate sta- 
tistical techniques cannot cope with such a complex 
problem. 
Solowz9 examined the association between skeletal 
and occlusal measures using linear correlation and fac- 
tor analysis procedures. This latter multivariate tech- 
nique identified several orthogonally derived factors 
composed of both occlusal and skeletal measures but 
did not directly examine the relationship between mul- 
tiple occlusal variables and multiple skeletal morpho- 
logic measures. 
Multiple features of occlusion have been combined 
by epidemiologists in attempts to objectively determine 
malocclusion severity. For example, the Treatment 
Priority Index (TPI) and the Occlusal Index (01) score 
malocclusion severity by ranking multiple components 
of a malocclusion.30~3’ A severity index, based on oc- 
clusal features alone, would be more valuable if it were 
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Fig. 1. Angular cephalometric measures, grouped by skeletal 
feature (CFF). 
associated with craniofacial morphology, since there is 
some evidence that orthodontic patients seek care be- 
cause of facial dysmorphology.” The relationship be- 
tween a malocclusion severity index and C-F mor- 
phology has not been investigated previously. 
This study examined multiple features of both 
occlusion and craniofacial morphology to determine 
whether the association between occlusion and C-F 
morphology was better explained by combinations of 
these features. In addition the relationship between a 
malocclusion severity index (a composite of occlusal 
features) and skeletal morphology was examined. 
METHODS AND MATERIALS 
The sample 
The data were obtained from pretreatment cepha- 
lometric radiographs and dental casts of all white chil- 
dren with intact pretreatment records who had a Class 
I or II molar relationship in the early permanent den- 
tition and who had begun treatment during a 2-year 
period at a university orthodontic clinic. There were 
64 boys (ages ranged from 9.3 to 16.2 years) and 100 
girls (ages ranged from 9.2 to 15.7 years). Intact rec- 
ords consisted of clinically acceptable, convention- 
ally trimmed dental casts and lateral cephalometric 
radiographs taken with the teeth in occlusion. All pri- 
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mary teeth were absent; however, the second premolar 
and/or second molars were in various stages of emer- 
gence and I or eruption. 
Skeletal morphologic assessment 
The lateral cephalograms were traced by one in- 
vestigator (S.D.K.). Landmarks were identified as de- 
scribed by Riolo and associates.33 All tracings were 
digitized on a Hipad digitizer, interfaced with an 
IBM-PC AT computer. 
The angular measures selected to assess craniofacial 
morphology described nine craniofacial features (CFF): 
cranial base flexure, maxillary horizontal position, 
mandibular horizontal position, mandibular vertical 
position, maxillary vertical position, anteroposterior 
maxillary-mandibular discrepancy, mandibular inci- 
sor position, maxillary incisor position, and vertical 
maxillary-mandibular discrepancy (Fig. 1). Many com- 
mon cephalometric measures ( Ai’jB, FMA) used to seg- 
regate cases (maxillary-mandibular discrepancy, steep 
angle) show serious variability through time in an in- 
dividual and are therefore an improper representation 
of pattern.” The angular measurements selected for 
this study may better represent the concept of morpho- 
logic pattem3’; where possible, two or three measures 
were chosen to represent a specific skeletal feature 
cm. 
Occlusal assessment 
Six occlusal measures were examined: molar rela- 
tion, overjet, overbite, maxillary anterior crowding, 
mandibular anterior crowding, and Occlusal Index 
score. 
Molar relation was scored by the following ordinal 
method for both right and left sides: (1) bilaterally 
greater than cusp-to-cusp Class II; (2) one side cusp- 
to-cusp Class II, one side greater than cusp-to-cusp 
Class II; (3) bilaterally cusp-to-cusp Class II; (4) one 
side cusp-to-cusp Class II, one side Class I; and (5) 
bilaterally Class I. 
Overjet was measured at the level of the occlusal 
plane to the nearest millimeter with a ruler. Depth of 
incisor overbite, depicted by the amount of lower in- 
cisor coverage at the level of the occlusal plane, was 
scored by the following ordinal method: (0) ~0, (1) 
>o to G%, (2) 3% to G%, (3) >2/3 to <%, (4) = 34 
and (5) 2%. 
The amount of anterior crowding in the maxilla and 
mandible was determined by Summer’s tooth displace- 
ment rules.3’ Crowding equaled the number of teeth 
rotated ~35” and s45” or displaced 2 1.5 mm and s2 
mm plus two times the number of teeth rotated >45” 
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or displaced 1s.2 mm. Premolars and molars were not 
scored. 
An Occlusal Index score was determined for each 
set of casts as described by Summers.3’ The require- 
ments for an index of occlusion have been summarized 
in a World Health Organization report.36 When these 
criteria for selection of an index of occlusion were 
tested, Summers demonstrated that the Occlusal Index 
was a more valid method of assessing severity of a 
malocclusion than the Malocclusion Severity Index or 
the Treatment Priority Index. Further, Grewe and 
Hagen-” compared the precision or change error and the 
bias or systematic error of three malocclusions indices: 
(1) the Handicapping Malocclusion Assessment Record 
(HMAR), (2) the Occlusal Index (OH, and (3) the Treat- 
ment Priority Index (TPI). These indices did not differ 
significantly with regard to precision or intra- and in- 
terexaminer reliability. The 01 was found to be the 
index of choice with regard to having the least amount 
of systematic error. 
Reliability 
We evaluated tracing and digitizing intrajudge re- 
liability for each skeletal variable. The mean total error 
was 0.74” (SD = 0.23”); the mean digitizing error was 
0.21” (SD = 0.08”). The greatest tracing errors in- 
volved the determination of the position of frontomax- 
illary nasal (FMN) point and the positions of the in- 
cisors. 
Statistical analysis 
The first step was to inspect the correlations among 
occlusal characteristics, among skeletal measures by 
category (CFF), and between individual occlusal char- 
acteristics and skeletal measures. Pearson product- 
moment correlation coefficients were calculated be- 
tween continuous variables; Spearman correlation co- 
efficients were calculated when ordinal variables (molar 
relation, overbite) were involved. 
In the second step, the stepwise regression proce- 
dure was used to determine whether combinations of 
occlusal characteristics explained more variance in any 
single skeletal measure than did single characteristics.38 
In this procedure an occlusal variable was entered and 
retained in the regression model at each step if it ex- 
plained a significant amount of skeletal measure vari- 
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Table IA. Characteristics of the sample population-Age and continuous occlusal characteristics (64 boys, 
100 girls) 













Occlusal index score 
Boys 
Girls 
12.70 1.30 0.30 0.30 
12.59 1.31 0.08 - 0.07 0.11 -0.51 NS 
5.81 3.09 0.92 0.81 
5.14 2.24 0.33 - 0.48 0.67 - 1.51 NS 
2.36 2.40 1.22 1.79 
2.70 2.37 0.97 0.76 0.34 0.89 NS 
2.61 2.19 0.33 -0.92 
2.40 1.97 0.77 1.03 0.21 -0.63 NS 
9.78 3.77 0.14 -0.46 
9.55 2.96 0.09 0.26 0.23 -0.43 NS 
Table IB. Characteristics of the sample Table IC. Characteristics of the sample 
population-Distribution of molar scores population-Distribution of overbite scores 
Molar score* Overbite score* 
1 2 3 4 5 0 1 2 3 4 5 
Boys 16 5 7 4 32 Boys 2 16 17 25 3 1 
Girls 25 8 5 11 51 Girls 4 23 49 20 3 1 
*df = 4; x2 = 2.85;~ = NS. *df = 5; x2 = 10.74; p = NS. 
ante at the p = 0.05 significance level. Addition of 
occlusal variables to the model was stopped when 
no other variable met the 0.05 significance level cri- 
terion . 
Finally a canonical correlation analysis was per- 
formed to determine whether there were any linear com- 
binations of occlusal features that were significantly 
correlated with linear combinations of skeletal mea- 
sures.J8.39 All analyses were performed by use of the 
SAS statistical package.40 
RESULTS 
Sample population description 
The distribution of continuous variables for the en- 
tire sample was assessed by examining plots of the data 
and by calculating skewness and kurtosis values for 
these variables. The results indicated that all of the 
continuous variables were normally distributed (ap- 
proximately) except for the indices for maxillary crowd- 
ing and mandibular crowding1 Skewness values ranged 
from -Q.26 to 1.04; kurtosis values ranged from 
- 0.24 to 1.04. (The statistical program defined normal 
curve skew and kurtosis as equal to 0.) 
Age and continuous measures of occlusal features 
by sex are reported in Table IA. As shown, the boys 
and girls did not differ significantly in age or the con- 
tinuous occlusal measures. 
The distributions of molar and overbite scores are 
reported in Table IB and IC. Chi square tests showed 
no significant differences between boys and girls in 
these ordinal measures. 
The angular cephalometric measures for each 
sex were normally distributed* except for the two 
measures describing maxillary vertical position in 
boys. Three variables displayed sexual dimorphism 
in our sample: (1) Ba-S-Na, (2) Ba-S-Gn, and (3) 
ANS-PNS /A-B. 
Because the male and female subjects did not gen- 
erally differ in occlusal features and skeletal measures, 
the data were combined. 
*Original research data available on request 
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Table II. Correlations between occlusal characteristics 
C‘haracceristic Overjet Overbite 
























*Correlations significantly different from zero at p < 0.001. 
Correlations between occlusal characteristics 
The correlations between occlusal features (molar, 
overjet, overbite, crowding, and Occlusal Index) are 
reported in Table II. They ranged from 0.04 to 0.51 in 
absolute value. Molar and Occlusal Index had the larg- 
est correlation. The Occlusal Index was significantly 
associated with each of the occlusal features that com- 
prised it. Although several of the relationships had mod- 
erately large correlations, none appeared redundant 
since a correla.tion of 0.51 denoted a shared variance 
of only 26%. Thus, with minimal suggested redun- 
dancy, all occlusal variables were retained and later 
evaluated in relation to skeletal morphology. 
mandibular horizontal position, and maxillary vertical 
position. Occlusal features were more highly associ- 
ated with measures describing the maxilla-to-mandible 
anteroposterior relationship and upper incisor po- 
sition. 
Stepwise multiple regression: Six occlusal 
characteristics and single skeletal measures 
These correlations showing high molar scores 
(i.e., Class I) were significantly associated with de- 
creased overjet, decreased overbite, increased mandib- 
ular crowding, and low Occlusal Index scores. 
One skeletal variable from each of the nine CFF 
categories was selected on the basis of strength of over- 
all relation with occlusal variables, least amount of 
tracing error, absence of sexual dimorphism in the sam- 
ple, and higher correlation with other measures in their 
own category (CFF). Stepwise regressions were carried 
out for these nine dependent skeletal variables.* Total 
explained variance ranged from zero to 35%. 
Correlations among skeletal measures 
The angular cephalometric measures within eight 
of the nme CFF categories were highly correlated 
(r ranged from 0.66 to 0.99, p < O.OOl).* This was 
expected because measures within each CFF shared 
common landmarks .4’ The exception involved mea- 
sures assessing the A-P relation of the maxilla and 
mandible. 
Molar relation entered the prediction formula for all 
skeletal measures except those depicting the horizontal 
and vertical positions of the maxilla and the horizontal 
position of the mandible. Molar relation alone was the 
best predictor of the selected measures assessing cranial 
base flexure and mandibular vertical position, explain- 
ing 5% and 10% of the variance in those measures. No 
set of occlusal features was found to predict either max- 
illary horizontal position, mandibular horizontal posi- 
tion, or maxillary vertical position. 
Correlations between individual occlusal 
characteristics and individual skeletal measures 
The correlations between individual occlusal fea- 
tures and individual skeletal measures ranged from 0.00 
(Ba-S-Na and ovejet, ANS-PNS/Goi-Me and overjet) 
to -0.56 (Goi-Me/A-B and molar) (Table III). Molar 
relation had the highest overall correlation to an indi- 
vidual skeletal measure, explaining (at r = 0.56) 3 1% 
of the variance in the maxilla-to-mandible (A-P) mea- 
sure. Occlusal features were poorly correlated with 
measures that described maxillary horizontal position, 
In four of nine regressions, two or more occlusal 
characteristics entered the prediction formula. How- 
ever, multiple occlusal features added very little ex- 
plained variance to the skeletal measure. For example, 
molar relation explained 4% of the variance in the max- 
illa to mandible (vertical) measure; adding Occlusal 
Index score explained an additional 2%. A notable ex- 
ception was the prediction of upper incisor position (Up 
IncIANS-PNS). Although overjet alone explained 17% 
of the variance, adding Occlusal Index, overbite, and 
molar relation doubled the amount of explained vari- 
ance (35%, p < 0.05). 
*Original research data available on request. *Original research data available on request. 
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Table III. Correlations between occlusal characteristics and individual skeletal measures 


















Maxillary vertical position 
ANS-PNS/SE-Na 
ANS-PNS / S-Na 




Maxilla to mandible (A-P) 
Goi-Me/A-B 
Ba-SE/ A-B 
ANS-PNS I A-B 
Maxilla-mandible (vertical) 





Lo Inch ANS-PNS 
Lo Inc/Goi-Me 
-0.18* 0.00 0.06 -0.01 0.01 0.02 
-0.22** 0.20 0.07 -0.02 0.00 0.15* 
-0.21** 0.14 0.06 - 0.04 0.01 0.11 
0.00 -0.06 0.06 -0.07 -0.13 -0.13 
0.06 -0.06 0.03 -0.14 -0.11 -0.16* 
-0.04 0.08 0.10 -0.13 -0.16* -0.09 
-0.17* -0.01 0.14 -0.08 -0.11 -0.05 
-0.14 0.05 0.13 -0.11 -0.13 -0.03 
-0.13 0.05 0.13 -0.12 -0.13 - 0.05 
-0.01 0.08 0.03 -0.04 0.02 0.01 
0.04 -0.07 -0.01 -0.02 0.02 -0.08 
0.24** -0.10 -0.15 0.10 0.11 -0.03 
0.32*** -0.09 -0.16 0.01 0.10 -0.15 
0.32*** -0.12 -0.22** 0.08 0.15 -0.09 
-0.56*** 0.28*** 0.32*** 
-0.19* 0.18* 0.07 
-0.48*** 0.31*** 0.13 
0.20* 0.00 -0.23** 
0.13 0.32*** -0.28*** 
0.02 0.41*** -0.18* 
-0.09 0.16* -0.21** 
























Level at which correlations were significantly different from zero: *p < 0.05; **p < 0.01; ***p < 0.001. 
Canonical correlations: Combinations of occlusal 
characteristics and combinations of skeletal 
measures 
Because the previous steps showed low to moderate 
correlations and explained variances, canonical corre- 
lation analyses were performed to determine whether 
any linear combinations of occlusal characteristics were 
highly correlated with any linear combinations of skel- 
etal measures. 
The association of all six occlusal measures with 
all 22 skeletal variables was investigated initially. This 
association (R = 0.86, p = 0.0001) proved to be the 
strongest discovered, but could not be interpreted be- 
cause of the number of variables involved. The number 
of variables in the occlusal canonical variable (OCV) 
and in the skeletal canonical variable (SCV) was sys- 
tematically reduced to discover a more parsimonious 
set for interpretation. 
Dropping Occlusal Index score and mandibular 
crowding score from OCV and all but five skeletal 
measures from SCV did not significantly weaken the 
canonical correlation. Thus the most parsimonious set 
of variables in the canonical correlation analysis in- 
cluded four occlusal measures and five skeletal mea- 
sures describing four CFF categories. The results are 
reported in Table IV, with a correlation of 0.81 and 
explained variance of 66% (p = 0.0001). 
Both standardized and raw coefficients for canonical 
variables are reported. These raw coefficients can be 
compared with those from other studies. In Table IV, 
the standardized coefficients indicated that overjet con- 
tributed more than three times as much weight to OCV 
as did molar relation and overbite. Looking at the stan- 
dardized SCV, the five skeletal measures contributed 
about equally. Thus, accounting for the sign of the 
coefficients in OCV and SCV, two distinct relationships 
were demonstrated. Large overjet, low molar score 
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Table IV. Can.onical correlation analysis with component occlusal and skeletal measures* 
-- 




0cclust1l Raw canonical canonical Raw canonical canonical 
character;‘stic coefjcient coefficient Skeletul measure coe#icient co&icient 
Molar -0.15 -0.26 Ba-SEiGoi-Me -0.11 -0.76 
Overjet 0.33 0.86 Goi-Me/A-B 0.10 0.89 
Overbite -0.23 -0.25 Ba-SE/A-B 0.08 0.90 
Maxillary crowding -0.05 -0.12 Uplnci ANS-PNS 0.09 0.68 
ANS-PNSiGoi-Me 0.14 0.79 
~- 
*Canonical correlation = 0.81; squared canonical correlation = 0.66; approximate F = 14.04; df = 20, 515; p = 0.0001. 
(Class II), shallow overbite, and a tendency for minimal On the basis of clinical impressions, we expected 
maxillary crowding were associated with a flat man- combinations of occlusal features to explain a much 
dibular plane, large maxillary-mandibular (A-P) dis- greater percentage of variance in single skeletal mea- 
crepancy, divergent palatal plane-mandibular plane an- sures than they did. Clinical impressions can indeed be 
gle, and upper incisor proclination. biased. 
Reversing signs of all coefficients suggested that 
minimal overjet, Class I, deep overbite, and a tendency 
for maxillary crowding were associated with a steep 
mandibular plane, small maxillary-mandibular (A-P) 
discrepancy, an acute palatal plane-mandibular plane 
angle, and retroclined upper incisors. 
DISCUSSION 
This study investigated the relationship between 
features of occlusion and craniofacial morphology. The 
concept of occlusion was not based on a single com- 
ponent but rather on several aspects of occlusion: molar 
relation, overjet, overbite, and crowding. The relation 
between a malocclusion severity index, based on mul- 
tiple aspects of occlusion, and craniofacial morphology 
was also investigated. Sexual dimorphism in occlusal 
and skeletal measures was not generally evident in our 
sample. However, a truer test of such sex differences 
should be made on a sample more representative of the 
population than our orthodontic sample. 
One linear combination of occlusal features did ex- 
plain 66% of the variance in one linear combination of 
skeletal variables (Table IV). The skeletal pattern 
shown in the canonical correlation analysis was strik- 
ingly similar to a pattern described by Moyers and as- 
sociates.J2 In Class II subjects, they identified several 
distinct horizontal and vertical types. The skeletal pat- 
tern depicted in our large overjet, Class II scheme is 
suggestive of their horizontal type D and vertical type 
2. Horizontal type D has been described as a skeletal 
Class II with maxillary dental protraction; vertical type 
2 is characterized by a flat mandibular plane, a palatal 
base tipped up anteriorly, and a flat anterior cranial 
base. They observed this combination (D-2) in 54 of 
697 Class II cases. Our data suggested that this skeletal 
configuration tends to have large overjet, shallow 
overbite, Class II molar relation, and minimal maxillary 
crowding, and vice versa. 
The relationships were evaluated by use of linear 
correlation, stepwise regression, and canonical corre- 
lation analyses. Individual features of occlusion were 
poorly related tcl individual skeletal measures; the high- 
est correlation (1. = - 0.56) explained only 3 1% of the 
variance between molar relation and Goi-Me/A-B. The 
low correlation of these singular relationships agreed 
with the findings of So10w*~ and may explain why pre- 
vious investigators have not reached agreement in eval- 
uating single components of malocclusion. It was in- 
teresting that molar relation, overjet, and overbite gen- 
erally had higher correlations with individual skeletal 
measures than did the Occlusal Index score, which was 
derived from those components. 
This multivariate approach suggested an unusual 
relation (flat mandibular plane and shallow overbite) 
that initially appeared in conflict with previous stud- 
ies.4-1” Shallow overbite alone was associated with a 
steep mandibular plane angle in our linear correlation 
analysis (Table III). However, shallow overbite plus 
large overjet and Class II molar relation were associated 
with a flat mandibular plane plus other specific skeletal 
features. Multivariate analysis gave insights not pos- 
sible with univariate techniques. 
Thus our data did lend some support to the conten- 
tion that “Specific craniofacial types have typical oc- 
clusal categories associated with them.“j Because we 
were unable to discern other sets of combinations, our 
results did not support a generalized statement of this 
principle. In addition the association discovered in the 
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canonical correlation analysis accounted for only two 
thirds of the total variance. Of more importance, all 
variables did not contribute equally to R’. Three of the 
four occlusal variables in OCV had comparatively low 
weightings; therefore several (5) angular skeletal mea- 
sures in SCV accounted for about one half of the overjet 
variation. 
Singularly or in combination, features of occlusion 
did not depict the horizontal position of either the max- 
illa or mandible. This is in contrast to the conclusion of 
McNamara26 that “Mandibular skeletal retrusion was the 
most common single characteristic of . . . Class II” in 
8- to lo-year olds. The subjects in our sample were gen- 
erally 11 to 14 years of age, at or near puberty; this is a 
period of marked variability in skeletal and occlusal 
maturation.’ Features of a malocclusion in our sample 
demonstrated more about horizontal and vertical max- 
illary-mandibular relationships, incisor position, and 
vertical mandibular position than they did about either 
horizontal maxillary or mandibular positions alone. 
Finally we have shown that the relation between a 
malocclusion severity index and skeletal morphology 
was weak. No classification scheme fully represents 
either occlusal or skeletal variability. Orthodontic di- 
agnosis and treatment planning should be based on char- 
acteristics and needs of the individual patient with a 
thorough knowledge of the variability in bcclusal de- 
velopment and skeletal maturation. 
CONCLUSIONS 
We have evaluated the relation between several fea- 
tures of occlusion and craniofacial morphology in a 
sample of children in the early permanent dentition. 
Our results supported the following conclusions: 
1. Individually and in combination, occlusal char- 
acteristics (molar relation, overjet, overbite, and crowd- 
ing) were poorly associated with individual measures 
of craniofacial morphology. 
2. A malocclusion severity index, which was based 
on several aspects of occlusion, did not identify cra- 
niofacial morphology. 
3. Combinations of certain occlusal characteristics 
may be associated with specific skeletal types; however, 
a generalized statement of this concept could not be 
supported. 
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